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Plan

• Motivation for a dark sector

• Basic experimental setup;  Rate estimates

• Current limits/sensitivities: 

• Dark photons, axions, dark higgs, dark matter ...

• For discussion:  prospects with Project X?
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A Light Hidden Sector?

•  Could address various experimental & 
observational anomalies

•   Light SM gauge singlet matter and new forces weakly 
coupled to ordinary matter largely unconstrained

•   Singlets exist in SM: L, eR, dR, uR, H,N

•   Many possibilities for very weak interactions

•   Predicted in many BSM & top-down scenarios

•   Discover new principles in unexpected places!



Hidden particles 

• Dark photons

• Dark scalars

• Sterile Neutrinos

• PNGBs

• Dark Matter
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Proton Beam - Target Setup
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Event rate estimates:

Nevents = Nprod × Pdet

1) Direct production: 

2) Decay of hadron: Nprod = NH × Br(H → Y +X)

Production:

Detection (via decay to visible matter (e.g. leptons) :

Pdet ∼ γ2 dΩlab
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Nprod = σ(pA → Y X)× (NPOTnTLT )



Experiments

Experiment NPOT Energy d

CHARM 1018 400 GeV 480 m

LSND 1023 800 MeV 30 m

MiniBooNE 1021 9 GeV 540 m

NuMI/MINOS 1020 120 GeV 1 km



Dark Photons
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Dark Photons
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Figure 1: Sensitivity of LSND to decays V → e+e−. The light, medium, and dark shaded
regions indicate more than 10, 1000, and 106 expected events respectively. The left panel
shows events due to vectors arising from π0 → γV decays, while the right panel shows events
arising from ∆(1232) → NV .

In Fig. 1 we show a plot of the number of expected dilepton decay events over the κ − mV

parameter space, which can be quite significant. The plot shows the result of the full Monte
Carlo simulation, but the approximate estimate in Eq. (24) actually produces results which
are in agreement with the simulation at the percent level for long-lived vectors. Given the
large size of the expected event sample, it appears that much of the sensitivity range in Fig. 1
can be translated to an exclusion region since electron events from V → e+e− decays should
automatically be included in the recorded LSND dataset, and in numbers inconsistent with
the well-measured backgrounds from neutrinos and other sources. However, it is also worth
noting that there are additional kinematic distinctions. In particular, the higher energy
fraction of resulting pairs would have similarities with the decay-in-flight charged-current
electron neutrino events [36], for which the background is small, of O(10). Thus we see that
the LSND experiment rules out (or is at least sensitive to) a wide range of masses and mixing
angles, mV < mπ and κ ∼ 10−8 − 10−4.

In addition to production through decays of neutral pions, vectors can also be produced
in the decays of the ∆(1232) resonance, ∆ → NV , which has a branching of

Br∆→NV $ Br∆→Nγ × κ2

(

1 −
m2

V

(m∆ − mN )2

)3/2

, (26)

where Br∆→Nγ ∼ 0.005. The total number of ∆ particles should be comparable to the total
number of pions, as we may anticipate that a significant fraction of pions originate from the
decays of ∆. Again we use Eqs. (15,17,19) to estimate the number of candidate events with
a vector decaying in the detector at LSND, which is shown in the right panel of Fig. 1. This
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LSND

Production via
p+A → π0 +X

followed by

π0 → γV → γe+e−



Dark Photons

LSND

Production via
p+A → π0 +X

followed by

π0 → γV → γe+e−
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Dark Higgs
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Dark Higgs BB, Pospelov, Ritz

MiniBooNE

MB (2 )

LSND

MINOS(2 )

LSND: π0 → γV h�

MiniBooNE: ρ,ω → V h�

pA → V h�NuMi/MINOS

followed by

h� → �+�−

κ ∼ 10−2

α� = α



Pseudo-Nambu 
Goldstone Bosons
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PNGBs

Production via

followed by

Essig, Harnik, Kaplan, Toro
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Dark matter beam

Dark matter produced in 
decay of light mediator

Neutral current-like 
event:

V → χ̄χ

BB, Pospelov, Ritz

χe → χe

χN → χN LSND

π0, η → γV

χe → χe

mχ = 1MeV



Dark matter beam
deNiverville, Pospelov, Ritz
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Dark matter beam
deNiverville, McKeen, Ritz

MINOS

χN → χN

V → χ̄χ

pA → V X



Project X:   New high-intensity proton source

3 MW at 3 GeV potential for  ∼ 10
23 POT

yr



Closing thoughts
•  Weakly-coupled, light particles are a generic & exciting possibility 
for physics beyond the Standard Model 

• Can be systematically explored via portals

• Proton Beam-target experiments offer complementary sensitivity 
to other probes

• Provide another physics rationale for the experimental program 
at the intensity frontier  

 Question:
What is the best way to utilize/expand existing experimental 
infrastructure for a more comprehensive physics program? 

Especially in the context of Project X?



Backup



• How should hidden sector physics be probed with proton 
beams? Several levels:

• A) Low-level: interpret existing searches from neutrino, 
muon, kaon, nuclear experiments. 

• B) Mid-level: suggest dedicated searches for hidden sector 
states/effects for neutrino, muon, kaon, nuclear 
experiments. 

• C) High-level: Carry out dedicated experiments to 
produce and detect hidden sector particles

• Cost? Focus on beam-line? Target Detectors? 
Monitors? Can we make devices multi-purpose, e.g. 
muon & kaon facillities?



Where to gain in sensitivity?

Nevents = Nprod × Pdet

Production:

Increase power?
decrease energy?

Bigger target?

Nprod = σ(pA → Y X)× (NPOT nT LT )

What is mass of Y?
Energy of beam?

Target type,
High Z?



Where to gain in sensitivity?

Nevents = Nprod × Pdet

Detection:

Decay:

Scattering:

Pdet �
�
γ2πR

2
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γcτ

Bigger Detector?

Closer detector?

Pdet � σ(Y N → Y N)×
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2
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Target type,
High Z?


